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ABSTRACT 

I l79& 
A scanning monochromator, mounted as  a pointed experiment 

on OSO-1, has been used for observat ions of s o l a r  extreme u l t r a -  

v i o l e t  r a d i a t i o n  from 50 A t o  400 A.  The per iod  of observat ion 

w a s  s u f f i c i e n t  t o  observe a slowly varying component having a 

per iod of approximately 27  days and c o r r e l a t i n g  wi th  s o l a r  a c t i v i t y .  

The enhancement of r a d i a t i o n  during per iods of a c t i v i t y  w a s  observed 

t o  vary from l i n e  t o  l i n e  i n  the  spectrum, depending upon t h e  

o r i g i n  of t he  l i n e  i n  the  s o l a r  atmosphere. D a t a  showed an inc rease  

i n  the  He I1 Lyman-alpha (304 A) f l u x ,  i n t eg ra t ed  over t he  e n t i r e  

s o l a r  d i s k ,  of 33 percent ,  dur ing  a per iod  when the  Zurich 

Provis iona l  Re la t ive  Sunspot Number increased from ze ro  (11 March 

1962)  t o  a maximum of 94 (22 March 1962).  Enhancements of 

approximately a f a c t o r  of fou r  were observed f o r  t h e  284 A (Fe XV) 

and t h e  335 A (Fe XVI) l i n e s .  &lJ! G J O d J  



THE SOLAR SPECTRUM FROM 50 A t o  400 A 

1. INTRODUCTION 

A graz ing  incidence spectrometer has been flown as a poin ted  

experiment on OSO-1 t o  monitor t he  extreme u l t r a v i o l e t  spectrum of t h e  

sun. Over s i x  thousand s p e c t r a  were obtained a t  t h e  r a t e  of about 100 

per day over a per iod  of t i m e  from March through May 1962, corresponding 

t o  n e a r l y  t h r e e  s o l a r  r evo lu t ions .  I n t e r m i t t e n t  ope ra t ion  has sub- 

sequen t ly  provided s p e c t r a  f o r  a period of g r e a t e r  than one yea r .  

paper p r e s e n t s ,  i n  a condensed f o m ,  the var ia t io i~s  &served Fri t h r e e  

of t he  more r e l i a b l y  i d e n t i f i e d  l i n e s  of t h e  spectrum: 284 A (Fe X V ) ,  

304 A (He 11) and 335 A (Fe XVI). 

T h i s  

The schedule of r educ t ion  of te lemet ry  records  w a s  designed t o  

provide a coarse  look ( seve ra l  o r b i t s  p e r  day) throughout t h e  t h r e e  

month per iod  of continuous observa t ion .  This approach is n o t  s u i t e d  

for t h e  d e t a i l e d  s tudy  of a p a r t i c u l a r  event  for which one must have 

continuous d a t a  over a per iod  of hours .  The re fo re ,  t r a n s i e n t  phenomena 

on t h e  sun are only now being s t u d i e d  as d a t a  r educ t ions  become more 

complete and t h e  resu l t s  w i l l  be presented i n  a f u t u r e  paper.  

2 .  DESCRIPTION OF SPECTROMETER 

During ope ra t ion  t h e  spectrometer w a s  po in ted  a t  t h e  c e n t e r  of 

t h e  s o l a r  d i s k  wi th in  approximately two min of a rc .  

r a d i a t i o n  from t h e  e n t i r e  s o l a r  d i s k  and inne r  corona passed d i r e c t l y  

through t h e  en t rance  s l i t  and s t r u c k  a concave g r a t i n g  mounted i n  g raz ing  

inc idence ,  t h e  angle of incidence being 88O. 

I n  t h i s  o r i e n t a t i o n ,  

The g r a t i n g ,  an o r i g i n a l  
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r u l e d  i n  a a p e c i a l  g l a s s  by t h e  Nobel I n s t i t u t e  i n  Stockholm, had 576 

l i n e s  p e r  mi l l imeter  on a blank of one meter r a d i u s  of cu rva tu re .  

e x i t  s l i t  and d e t e c t o r  were mounted on a c a r r i a g e  which w a s  d r iven  on 

a c i r c u l a r  r a i l  s o  t h a t  t h e  e x i t  s l i t  scanned along t h e  Rowland C i r c l e ,  

The 

where t h e  spectrum w a s  focused ,  from 10 - 400 A .  The plane of t h e  e x i t  

s l i t  was approximately perpendicular  t o  t h e  d i f f r a c t e d  r a y  a t  a l l  p o s i t i o n s  

along t h e  t r a c k ,  thereby keeping the  s p e c t r a l  passband n e a r l y  c o n s t a n t  

f o r  a l l  angles of d i f f r a c t i o n .  The 50 micron en t r ance  and e x i t  s l i t s  

provided a s p e c t r a l  passband of 1 . 7  A and permi t ted  r e s o l u t i o n  of l i n e s  

0.85 A apa r t .  The d e t e c t o r  was a windowless pho tomul t ip l i e r  developed \ 

by t h e  Bendix Corporation s p e c i f i c a l l y  f o r  use i n  t h i s  s p e c t  ometer. 

A tungs ten  photocathode w a s  chosen t o  minimize response t o  wakelengths 

\ '11 

above 1500 A ,  and t o  reduce changes i n  s e n s i t i v i t y  due t o  v a r i a t i o n s  of 

t h e  emission p r o p e r t i e s  of t h e  cathode. 

3 .  CALIBRATION OF THE SPECTROMETER 

The instrument c a l i b r a t i o n  w a s  performed by (1) exposing the  e n t i r e  

spectrometer t o  a beam of monochromatic r a d i a t i o n  of known i n t e n s i t y  and 

(2) by eva lua t ing  t h e  e s s e n t i a l  components of t h e  spec t rometer  ( g r a t i n g ,  

d e t e c t o r ,  e t c . ) ,  and then computing t h e  s e n s i t i v i t y  of t h e  instrument.  

The f i r s t  method w a s  used a t  44 A us ing  a p ropor t iona l  counter  f o r  

determining t h e  source i n t e n s i t y .  The second method w a s  app l i ed  a t  

longer  wavelengths (80 - 400 A ) .  

I n  a d d i t i o n ,  a comparison w a s  made of the  s o l a r  f l u x e s  obta ined  

a g a i n s t  the f luxes  measured by H a l l ,  Damon and Hinteregger ' lwith a 
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c a l i b r a t e d  rocke t  instrument.  The comparison could only be made i n  the  

reg ion  of overlap,  250 A t o  400 A ,  and would be meaningful only i f  t he  

s o l a r  r a d i a t i o n  w a s  t h e  same. The 2800-Mc mean d a i l y  f l u x  recorded by 

t h e  Nat ional  Research Counci l ,  Ottawa, Canada, w a s  used as an independent 

estimate of solar f l u x  t o  choose t h e  sa te l l i te  d a t a  for the  comparison. 

A b e s t  f i t  w a s  made between these  methods of ob ta in ing  a c a l i b r a t i o n  

5 -1 which y i e lded  va lues  of 8.0 x 10 photons count a t  335 A and 

5 -2 -1 4.2 x 10 photon cm count a t  284 A. 

4. PRESENTATION OF JMTA 

Figure 1 presen t s  a t y p i c a l  scan obtained over t he  region of 170 A 

t o  400 A. Severa l  f a c t o r s  reduce t h e  usable  s p e c t r a l  range of t h e  

spectrometer  from i t s  nominal range of 10 A t o  400 A. 

below 100 A the  decreasing s e n s i t i v i t y  of t he  spectrometer  combined wi th  

an inc rease  i n  s c a t t e r e d  l i g h t  upon approaching the  c e n t r a l  image made 

it impossible t o  d i s t i n g u i s h  a r e l i a b l e  spectrum on a s i n g l e  scan. However, 

a combination of s eve ra l  scans ,  using c ross -co r re l a t ion  techniques,  has 

shown t h e  apparent  ex i s t ence  of a l i n e  emission spectrum i n  the  region 

f rom 50 A t o  100 A. A t  wavelengths above 342 A the  second order  images 

of i n t ense  s p e c t r a l  l i n e s  observed in  f i r s t  order  above 1 7 1  A obscure a 

cons iderable  amount of i n t e r e s t i n g  da ta .  This  e f f e c t  is i l l u s t r a t e d  i n  

Figure 1 which i n d i c a t e s ,  by cross-hatching,  those f i r s t  o rder  l i n e s  

which have s t r o n g  second order  counterpar t s  i n  the  recorded spectrum. 

These second order  images were l e s s  prominent i n  e a r l i e r  rocke t  r e s u l t s ,  

A t  wavelengths 

lead ing  t o  cons iderable  d i s s i m i l a r i t y  between the  rocket. and s a t e l l i t e  

s p e c t r a  above 342 A (Neupert and Behring 1. 2 For t hese  reasons t h e  obviously 
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usable  range of t h e  instrument can be considered t o  be from 170 A t o  340 A ,  

a range which can be extended, with special p recau t ions ,  t o  cover the  

i n t e r v a l  from 50 A t o  400 A .  

The b r i g h t e s t  emission l i n e  i n  t h e  reg ion  from 170 A t o  340 A is 

t h e  Lyman-alpha l i ne  of ionized helium a t  304 A.  I n  add i t ion ,  numerous 

o t h e r  emission l i n e s  appear wi th  combined f l u x  comparable t o ,  or somewhat  

g r e a t e r  t han ,  t h a t  of t he  helium l i n e .  Resonance l i n e s  of heavy ions 

(Mg through Fe) are expected i n  t h i s  r eg ion ,  l ead ing  t o  a t tempts  ( Z i r i n ,  

H a l l  and Hinteregger  3 1 ,  (Neupert and Behring 2 ) t o  i d e n t i f y  t h e  more 

prominent f e a t u r e s  of t h e  spectrum in  terms of such l i n e s .  The d i f f i c u l t y  

of p o s i t i v e  i d e n t i f i c a t i o n  can be appreciated more i f ,  f o r  example, w e  

r e a l i z e  t h a t  t he  resonance l i n e s  of a l l  s t a g e s  of i o n i z a t i o n  of i r o n  from 

Fe X through Fe X V I ,  w i t h  the except ion of Fe XV, are  expected i n  the 

s m a l l  wavelength i n t e r v a l  from 335 A t o  390 A (Neupert and Behring ). The 

overlapping of t h e s e  resonance m u l t i p l e t s  combined wi th  second order  con- 

tamina t ion  of s h o r t e r  wavelengths makes p o s i t i v e  i d e n t i f i c a t i o n  a formidable 

2 

t a sk .  The resonance l i n e s  of Fe X through Fe X I V  have not  been i d e n t i f i e d  

i n  t h e  extreme u l t r a v i o l e t  (EXJV) spectrum al though t h e i r  i n t e n s i t y  a s  

p red ic t ed  by Ivanov-Kholodny and Nikolsky 

TouseY , working wi th  a spectrum having higher  r e s o l u t i o n ,  r e p o r t s  t h a t  no 

Fe X I V  m u l t i p l e t  can be found i n  h i s  record .  Because of t hese  d i f f i c u l t i e s ,  

d i scuss ion  w i l l  c e n t e r  around t h r e e  of t h e  more in t ense  and more r e l i a b l y  

i d e n t i f i e d  l i n e s  of t h e  spectrum, the Fe XV (3s2  'So - 3 s  3p P1 ) l i n e  

a t  284 A ,  t h e  Fe XVI ( 3 s  

4 should permit t h e i r  observa t ion .  

5 

1 0  

2 
SL - 3p *PO3 ) l i n e  a t  335 A ,  and i n  a d d i t i o n ,  - 2 

2 
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2 
t h e  He I1 (1s. s1 - 2p 2po 3 ,  1 ) l i n e  a t  304 A. The l o c a t i o n  of t h e s e  

7 2  - 
2 

l i n e s  i s  ind ica ted  i n  Figure 2 .  

5. TIME VARIATIONS OF THE EUV SPECTRUM 

The months of March and A p r i l  of 1962, were auspic ious  f o r  a s tudy  

of t h e  s o l a r  EUV s p e c t r a  i n  t h a t  observa t ions  could  be made on both a 

qu ie scen t  and a d i s tu rbed  s o l a r  atmosphere. 

March t h e  sun w a s  e s p e c i a l l y  q u i e t ,  t he  sunspot number being ze ro  on 

11 March. A s  t he  month progressed t h e  s o l a r  r o t a t i o n  c a r r i e d  s e v e r a l  

c e n t e r s  of a c t i v i t y  ac ross  t h e  v i s i b l e  hemisphere of t h e  sun. 

enhancements i n  t h e  s o l a r  spectrum were a s s o c i a t e d  w i t h  t h e s e  c e n t e r s  of 

act i v i  t y  . 

During t h e  second week i n  

D e f i n i t e  

Figure 2 p re sen t s  two scans of t he  EUV spectrum which were obta ined  

w i t h  a sepa ra t ion  i n  t i m e  of approximately t e n  days.  During the  f i r s t  

of t h e s e  observa t ions  (13 March) only  one s m a l l  r eg ion  of a c t i v i t y  w a s  

p re sen t  on t h e  s o l a r  d i sk .  

observed t h a t  t h e  Fe XV and Fe X V I  l i n e s  p e r s i s t  as two of t h e  more prom- 

i n e n t  f e a t u r e s  of t h e  spectrum. 

whi le  s eve ra l  large and well-developed c e n t e r s  of a c t i v i t y  were p resen t  

on t h e  d isk .  

have increased i n  i n t e n s i t y  bu t  no t  a l l  by t h e  sane amount. The Fe XV 

and X V I  l i n e s ,  a l r eady  prominent even i n  t h e  absence of s o l a r  a c t i v i t y ,  

have increased i n  i n t e n s i t y  apprec iab ly  more than any o t h e r  l i n e  observed 

w i t h  c e r t a i n t y  i n  t h i s  s p e c t r a l  range .  The He  I1 l i n e  has a l s o  increased  

but  by a l e s s e r  amount. 

I n  s p i t e  of t h i s  low l e v e l  of a c t i v i t y  it i s  

The second spectrum (23 March) w a s  ob ta ined  

Comparing t h e s e  two s p e c t r a  we  observe t h a t  t h e  emission l i n e s  
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Time v a r i a t i o n s  of t hese  t h r e e  l i n e s  as observed f o r  t h e  f i r s t  

1066 o r b i t s  of ope ra t ion  a r e  given i n  Figure 3 ,  i n  which each datum 

po in t  r ep resen t s  t he  average of one o r b i t s '  obse rva t ions  ( s i x  t o  e i g h t  

s cans ) .  Er ror  ba r s  i n d i c a t i n g  one s tandard  d e v i a t i o n  i n  t h e  d a t a  a r e  

given f o r  each wavelength. Also ind ica t ed  are t h e  t i m e s  of appearance 

and disappearance of t h e  major plage areas as ca ta loged  by t h e  McMath- 

Hulbert  Observatory. The f i r s t  i nc rease  i n  t h e  counting rates above 

t h e  "qu ie t  sun" va lues  i s  a s soc ia t ed  wi th  t h e  appearance of McMath P l a g e  

N o .  6366 on the  e a s t  limb on 11 March. The s lope  of t h e  H e  I1 curve i s  

observed not  t o  change apprec iab ly  on 1 7  March as s e v e r a l  more prominent 

plages appear on the  limb, although t h e i r  appearance is  obvious i n  the  

r a d i o  d a t a .  The counting r a t e  f o r  t he  He I1 (304 A) l i n e  inc reases  

g radua l ly  t o  a maximum on 23 March, a f t e r  which it drops r a t h e r  ab rup t ly  

t o  an apparent p l a t eau .  

t o  t h e  disappearance of plage r eg ion  6366 on t h e  w e s t  l imb, f o r  it fo l lows  

q u i t e  d i r e c t l y  a f t e r  an unusual f l a r e  of importance 3 observed i n  plage 

reg ion  6370 on 22 March, f o r  which d a t a  are n o t  given i n  the  f i g u r e .  A 

gradual dec l ine  i n  readings  is observed from 29 March t o  7 A p r i l .  A 

s imi l a r  enhancement, followed by a r e t u r n  t o  nea r  pre-plage r a t e s ,  occurred 

i n  A p r i l .  S ince  t h e  spectrometer d id  no t  c a r r y  an i n t e r n a l  s tandard  

( e . g . ,  r ad ioac t ive  source)  it is impossible t o  s t a t e  p o s i t i v e l y  t h a t  i t s  

count ing  c h a r a c t e r i s t i c s  d i d  not  change over the  per iod  of obse rva t ions .  

The c o n s i s t e n t  behavior of the d a t a ,  however, a s  demonstrated i n  F igure  3 ,  

l eads  t o  the  conclusion t h a t  no s i g n i f i c a n t  change i n  s e n s i t i v i t y  occurred 

throughout t h e  period of observa t ion .  (Subsequent ana lys i s  of r e a l  t i m e  

d a t a  a f t e r  one yea r  i n  o r b i t  suppor t s  t h i s  conclus ion ,  even f o r  the  longer  

time i n t e r v a l ) .  

This sudden drop cannot be unambiguously a t t r i b u t e d  
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Figure  3 .  OSO-1 Data for Three S p e c t r a l  Lines  Compared w i t h  
Appearance arid Disappearance of Major Plage  Areas 
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Also shown i n  the  f i g u r e  are t h e  v a r i a t i o n s  wi th  s o l a r  a c t i v i t y  of 

t he  coronal Fe XV (284 A )  and Fe XVI (335 A) l i n e s ,  t h e  r e l a t i v e  inc reases  

being considerably l a r g e r  than f o r  the  H e  I1 (304 A) l i n e .  A d e f i n i t e ,  

a l though small, enhancement a s soc ia t ed  wi th  t h e  appearance of plage N o .  

6366 i s  observed i n  both t h e  Fe XVI and Fe XV l i n e s .  The p o s s i b i l i t y  

e x i s t s  t h a t  the  coronal  emissions appear s l i g h t l y  e a r l i e r  as might be 

expected s ince  the  coronal  emission must t ake  p l ace  a t  g r e a t e r  he igh t s  

than t h e  calcium r a d i a t i o n .  The most obvious increase  i n  i n t e n s i t y  of 

t hese  l i n e s  i s  a s soc ia t ed  w i t h  t h e  appearance i n  success ion ,  of plage 

a reas  numbered 6370, 6369 and 6373 on 1 7  March through 19 March. The 

count ing rates then  increased g radua l ly  throughout t h i s  per iod i n d i c a t i n g  

t h a t  t h e  enhanced emission w a s  not  from a p o i n t  source but  r a t h e r  from an 

extended volume having as i t s  base an area a t  l eas t  as l a r g e  as t h e  under- 

l y i n g  calcium plage .  The disappearance of a r e a  6366 on 25 March r e s u l t s  

i n  a s l i g h t  decrease i n  count ing r a t e s ,  followed by a general  d e c l i n e  from 

29 March through 3 Apr i l  as the  o the r  plage areas are c a r r i e d  o f f  t h e  v i s i b l e  

hemisphere of t h e  sun by the  s o l a r  r o t a t i o n .  

Although the  ho r i zon ta l  s c a l e  i n  Figure 3 is inadequate f o r  t h e  d i sp lay  

of t r a n s i e n t  phenomena, a t  l eas t  one i n t e r e s t i n g  e v e n t ,  a s soc ia t ed  wi th  a 

f l a r e  of importance 3 ,  on 22 March, can be d iscerned .  This f l a r e  w a s  

unusual i n  t h a t  the ionospheric  e f f e c t s  produced by it were more n e a r l y  

c h a r a c t e r i s t i c  of a s m a l l  (importance one) f l a r e .  An enhancement w a s  

observed a t  304 A (not p l o t t e d )  s imultaneously w i t h  the v i s i b l e  f l a r e ,  bu t  

no t  a t  335 A o r  284 A. However, a t  the  l a t t e r  wavelengths a s i g n i f i c a n t  

enhancement was noted one o r  two o r b i t s  a f t e r  v i s i b l e  maximum. The peak 
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p o i n t  a t  335 A l i e s  h t  e i g h t  s tandard dev ia t ions  from the  mean of t h e  d a y ' s  

observa t ions  before  t h e  f l a r e  and r ep resen t s  a n e a r l y  c e r t a i n  change i n  

t h e  EUV f l u x .  Fur ther  ana lys i s  of t h i s  event  covering t h e  major l i n e s  of 

t h e  spectrum w i l l  be presented i n  a f u t u r e  paper.  

The r e l a t i o n s h i p  of t h e s e  observed count ing ra tes  t o  s e v e r a l  ground- 

based measurements of s o l a r  a c t i v i t y  is presented i n  Figures  4 and 6 .  I n  

F igure  4 t h e  He I1 r a d i a t i o n  is compared wi th  d a i l y  va lues  of t he  s o l a r  f l u x  

a t  2800-Mc, and wi th  the Zurich Provis iona l  Re la t ive  Sunspot Number (ZPRSN). 

Also shown is  an estimate of t he  calcium plage a r e a ,  each area being weighted 

by t h e  est imated i n t e n s i t y  of t h e  arc2 nn a scale frrm 1 tc 5. Valuzs 

for t h i s  computation w e r e  suppl ied by the  McMath-Hulbert Observatory.  

A more d e t a i l e d  comparison is made i n  F igure  5 i n  which t h e  r a d i o  and 

He I1 f luxes  have been ad jus t ed  by d i v i d i n g  each observa t ion  by the  rate 

observed for the  "quie t  sun". I n  a d d i t i o n ,  t h e  C a +  plage i n t e n s i t y  has 

been ad jus ted  t o  co inc ide  wi th  the  2800-Mc enhancement on 2 1  March. This  

p l o t  shows more c l e a r l y  t h e  close r e l a t i o n s h i p  which has been known for 

some t i m e  between the  2800-Mc r a d i a t i o n  and t h e  plage a reas  and a l s o  shows 

t h e  divergences of t h e  He I1 (304 A) l i n e  from both of t hese .  I n  F igure  6 

t h e  d a i l y  va lues  of s o l a r  f l u x  a t  2800-Mc and the Zurich P rov i s iona l  Rela- 

t i ve  Sunspot Number a r e  conpared with r a d i a t i o n  due t o  the  coronal  l i n e s  

of Fe XV (284 A) and Fe X V I  (335 A ) .  The es t imated  calcium plage  i n t e n s i t y  

i s  a l s o  shown. 

6 .  DISCUSS I O N  

The s p e c t r a l  l i n e s  chosen fo r  p re sen ta t ion  here  w e r e  s e l e c t e d  because 

they  are r e l i a b l y  i d e n t i f i e d  wi th  p a r t i c u l a r  i o n s ,  n o t  because they  convey 
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more than  any o the r  l i n e  i n  t h e  spectrum the  changes i n  s o l a r  f l u x  which 

occur  wi th  t h e  appearance of plage a reas .  I n  terms of f r a c t i o n a l  changes 

i n  i n t e n s i t y ,  t hese  t h r e e  l i n e s  r ep resen t  t h e  extremes which have thus  f a r  

been observed i n  the  s p e c t r a l  region from 1 7 1  A t o  400 A ;  only a f e w  f a i n t  

l i n e s  have smaller non-f lare  v a r i a t i o n s  than the  He I1 Lyman-alpha l i n e ,  

while  no o the r  l i n e s  have increases  as grea t  as those  observed f o r  284 A 

and 335 A. A summary of t h e  average inc reases  i n  count ing rates f o r  t h e  

per iod  from 9 March t o  23 March 1962, a per iod of increas ing  s o l a r  a c t i v i t y ,  

is g iven  i n  Table 1. The inc rease ,  weighted by the  i n t e n s i t y  of each l i n e ,  

i s  computed f o r  t h e  range from 171 A t o  305 A ,  us ing s i x t y  r e l i a b l y  observed 

l i n e s .  The increase  i n  t h e  range from 305 A t o  400 A can only be es t imated  

because of t h e  masking e f f e c t  of second o rde r  images above 342 A. The va lues  

given i n  Table 1 are,  of course ,  appropr ia te  only f o r  t h e  p a r t i c u l a r  i n t e r v a l  

i n  t i m e  f o r  which they were computed. 

TABLE 1 

Inc reases  i n  S o l a r  mTV Spectrophotometer Counting Rates  

9 March 1962 t o  23 March 1962 

S pee t r  a1 
Range 

Average Counting 
Rate Inc rease  

1 7 1  A - 228 A 

229 A - 300 A 

229 A - 305 A 

305 A - 400 A 

55% 

80% 

52% 

50% (est imated)  
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The i n i t i a l  a n a l y s i s  of only t h r e e  l i n e s  (He I1 304 A ,  Fe XV 284 A, 

Fe X V I  335 A) a l r eady  i n d i c a t e s  t h a t  t h e  r e l a t i v e  prominence of s p e c t r a l  

l i n e s  may depend upon the  age of t h e  c e n t e r  of a c t i v i t y  which i s  r e spons ib l e  

f o r  t h e  increased r a d i a t i o n .  A s  an example of t h i s ,  one may observe (Figure 

6)  t h a t  t h e  maximum emission i n  t h e  Fe XV appa ren t ly  occurs l a te r  i n  t i m e  

than the  maximum f o r  t h e  2800-Mc r a d i o  f l u x  o r  f o r  t h e  plage a r e a s  observed 

dur ing  March,  A p r i l  and May. I n  add i t ion  t o  such a s lowly  changing e f f e c t ,  

one may note  t h a t  l o c a l i z e d  pe r tu rba t ions  appear (7-9 March and 16-17 A p r i l )  

f o r  which the r e l a t i v e  inc reases  a r e  cons iderably  d i f f e r e n t  f o r  t he  helium 

and t h e  i ron  l i n e s .  It  appears t h a t  i n  t h e s e  in s t ances  w e  are observing 

phenomena loca l i zed  a t  p a r t i c u l a r  l e v e l s  i n  the  s o l a r  atmosphere. 

7.  CONCLUSIONS 

Observation of t h e  s o l a r  spectrum between 170 A and 340 A have been 

made over a time i n t e r v a l  corresponding t o  approximately t h r e e  s o l a r  

r o t a t i o n s .  The observa t ions  have shown: 

(1) That t h e  H e  I1 (304 A) emission is  enhanced by a f a c t o r  of about 

33% dur ing  a per iod  when t h e  Zurich P rov i s iona l  R e l a t i v e  Sunspot Number 

increased  from ze ro  t o  a maximum of 94 and t h e  2800-Mc f l u x  v a r i e d  from 

approximately 76 t o  125 x 10  wm Hz . -22 -2 -1 

( 2 )  The Fe XV (284 A )  and Fe X V I  (335 A) coronal  l i n e s  were enhanced 

dur ing  t h e  same per iod  by a f a c t o r  of approximately fou r .  

(3) The enhancement of He I1 (304 A) and Fe XV (284 A) and Fe XVI  

335 A) due t o  plage a c t i v i t y  w a s  l a r g e r  than  enhancements due t o  f lares 

t h a t  occurred during t h e  three-month i n t e r v a l  of t h e  observa t ions .  
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I .  

(4) The v a r i a t i o n s  i n  i n t e n s i t y  of t h e  He I1 (304 A ) ,  Fe XV 

(284 A) and Fe X V I  (335 A )  represent  t h e  extremes observed. I f  one averages 

s i x t y  of t h e  r e l i a b l y  observed l i n e s  between 1 7 1  A and 342 A t h e  enhancement 

is between 50% and 80% for t h e  t i m e  i n t e r v a l  9 March t o  23 March. 

(5) Although t h e r e  appears t o  be a gross c o r r e l a t i o n  between s o l a r  

a c t i v i t y  ind ices  (such as 2800-Mc f l u x )  and t h e  H e  11, Fe XV and Fe XVI 

f l u x e s  , t h e r e  are i n d i c a t i o n s  t h a t  t h e  r e l a t i v e  prominence of t he  s p e c t r a l  

l i n e s  may depend upon t h e  age of the c e n t e r  of a c t i v i t y .  
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